A WHO methodology is used for the first time to estimate the burden of disease directly associated with incomplete water and sanitation provision in refugee camps in sub-Saharan African countries. In refugee camps of seven countries, containing just fewer than 1 million people in 2005, there were 132,000 cases of diarrhoea and over 280,000 reported cases of malaria attributable to incomplete water and sanitation provision. In the period from 2005 to 2007 1,400 deaths were estimated to be directly attributable to incomplete water and sanitation alone in refugee camps in Ethiopia, Kenya and Tanzania. A comparison with national morbidity estimates from WHO shows that although diarrhoea estimates in the camps are often higher, mortality estimates are generally much lower, which may reflect on more ready access to medical aid within refugee camps. Despite the many limitations, these estimates highlight the burden of disease connected to incomplete water and sanitation provision in refugee settings and can assist resource managers to identify camps requiring specific interventions. Additionally the results reinforce the importance of increasing dialogue between the water, sanitation and health sectors and underline the fact that efforts to reduce refugee morbidity would be greatly enhanced by strengthening water and sanitation provision.
INTRODUCTION
Improving water, sanitation and hygiene has the potential to prevent at least 9.1% of the disease burden (in disability-adjusted life years, DALYs) or 6.3% of all deaths globally (Prü ss-Ustü n et al. 2008). Other studies estimate an even higher mortality burden (e.g. Kosek et al. 2003) .
Recent World Health Organisation (WHO) estimates for children (0-14 years) put the annual global diarrhoeal death toll at over 1.8 million, far in excess of the toll for tuberculosis (81,000), malaria (844,000) and HIV/AIDS (302,000) put together (WHO 2008a) . In addition, it has been estimated that 50% (range 39 -61%) of the malnutrition (i.e. undernutrition) disease burden alone is attributable to the environment, mainly as a result of incomplete or substandard water and sanitation provision (Prü ss-Ustü n & Corvalan 2006 Corvalan , 2007 . It is clear that the level of mortality linked to incomplete water and sanitation coverage is still not appreciated widely enough, underlining a need for increased efforts in estimating and documenting the real impact on human health caused by incomplete or substandard water and sanitation services, including hygiene. Indeed Boschi-Pinto et al. (2008) clearly state that this lack of systems to generate such quality data is one of the major barriers internationally to reducing under-five mortality. doi: 10.2166/wh.2009.089 Recent work by WHO has begun to address this gap by producing a methodology for quantifying the health impact associated with incomplete water supply and sanitation coverage at both national and sub-national level (Fewtrell et al. 2007) . The methodology was used to estimate mortality, as well as morbidity, in terms of disabilityadjusted life years (DALYs) on a country-by-country basis.
However, such calculations at national level do not always reflect the complete population residing in a country (e.g. Seven countries in sub-Saharan Africa were selected according to the availability of data necessary to carry out the quantification of the burden of disease calculations, including health clinic case data on diarrhoea, malaria and other health impacts, crude and under-five mortality, as well as details on demography and water and sanitation coverage. The countries included in this analysis were Ethiopia, Kenya, Tanzania, Zambia, Sierra Leone, the Democratic Republic of the Congo (DRC) and the Republic of the Congo (RoC) with a cumulative total of just fewer than 1 million refugees in 2005 (Table 1) . These populations are each made up of several distinct camps in each country but for this study camp data were consolidated at country level to allow a comparison of the burden of disease among refugees with the national population presented in Fewtrell et al. (2007) . The WHO methodology for estimating the burden of disease related to the incomplete water and sanitation coverage (Fewtrell et al. 2007 ) was employed to analyse the data from the refugee camps. Essentially it uses methods developed for estimating the global burden of disease caused by exposure to unsafe water, sanitation and hygiene and the systematic literature review of the association between water resources development and vector-borne diseases. A total of 11 diseases or injuries are listed in the WHO methodology and estimates were made for each national population for the latest data which was available at the time (i.e. 2002) . The focus of this study was on the three most critical water-related disease burdens (i.e. diarrhoea, malnutrition and malaria). The fraction of malaria attributable to water and sanitation was estimated on the basis of expert judgement and literature reviews. These three diseases constitute the vast majority of morbidity and mortality connected to poor water and sanitation services in the seven case study countries according to the national burden of disease estimates presented in Fewtrell et al. (2007) . The WHO methodology acknowledges that there are significant sources of uncertainty in the calculation of exposure risks and in data compilation underlining the difficulties associated with estimating the burden of disease linked with the inadequate provision of water and sanitation in refugee camps and using locally/nationally collected data.
In this respect, some modifications in approach were needed in order to be able to use the UNHCR data and suit the needs of the current study. The first of these was to relate the UNHCR indicators of level of provision of water and sanitation services (i.e. using the indicators litres per person per day and persons per latrine, respectively) to the WHO approach requiring the percentage of the population with access to improved water supply and basic sanitation (see Table 2 for definitions). Household level surveys in refugee camps helped in this respect. Such surveys demonstrate the limitations of using annual average indicators that do not reveal spatial or temporal variations in water and sanitation service provision (Cronin et al. 2008) . Hence, an approximate relationship was drawn up (Table 3) . Table 2 stipulates that only non-shared (i.e. private) sanitation facilities are considered improved; this definition was followed for camps where all latrines were shared and Table 3 was used where a mixture of family and shared latrines were employed. The AFs of diarrhoeal disease related to water and sanitation was then estimated using Fewtrell et al. (2007) and the results presented in Table 1 . The burden of disease in DALYs associated with diarrhoea only was estimated using the method of Murray & Lopez (1996) and Fishman et al. (2004) .
For malaria, experts have estimated AFs for six regions of the world reflecting regional averages. Local variations can prove to be considerable, and the regional estimates can therefore not substitute for national or even sub-regional studies. However, due to lack of more detailed, localised (UNHCR 2006b ). The attributable fraction (AF) of diarrhoea cases relating to poor water and sanitation coverage was calculated using the % of the population with access to improved water (Estimated water % column) and sanitation (Estimated sanitation % column) coverage, derived as per An attempt was made to add to the estimate the links with malnutrition, defined in this context as undernutrition, which affects mainly children under five years of age, in low-income and middle-income countries because of repeated diarrhoea and nematode infections (Fewtrell et al. 2007 ). The other main childhood diseases linked to malnutrition include acute respiratory infections, perinatal diseases, measles and malaria (Rice et al. 2000; Black et al. 2003; Caulfield et al. 2004) , making malnutrition one of the most important risk factors to child health globally (Fishman et al. 2004) . A total of 54% of all deaths among children are believed to be associated with malnutrition The total mortality burden linked to malnutrition was estimated by multiplying the AFs by the total cause-specific mortality rate (i.e. diarrhoeal disease, malaria, measles, lower respiratory infections, other infections diseases, excluding AIDS and protein-energy malnutrition) for children under five years of age. It is estimated that 50% of the burden from childhood malnutrition can be attributed to water, sanitation and hygiene (Fewtrell et al. 2007; WHO 2008b) Table 4 presents the total cases of reported morbidity during 2005 at health clinics in the refugee camps in each country linked to diarrhoea and malaria; the proportion of these cases related to water and sanitation is also presented. The diarrhoea proportion was estimated using the appropriate AF factors (Table 1) . Using the direct estimation option in were estimated for the seven study countries (Table 4) persons while Ethiopia is almost twice this value at 65 years lost per 1,000 persons. Table 5 presents morbidity (diarrhoea DALYs) and mortality (related to water and sanitation for diarrhoea, malaria and malnutrition) for national populations (2002) and for the total refugee camp populations in Ethiopia, Kenya and Tanzania (2005 -2007) For complicated malaria, the treatment protocol has also However, access to water and sanitation is limited to what is provided to the refugees by aid agencies, whereas there may be other alternative sources and options for national communities. This is similar for food security where the deprivation of access to resources for food production and reduced purchasing power are major limitations for refugees to become self-sufficient in food provision.
RESULTS
Diarrhoea DALYs constitute a very large burden of the refugee morbidity. However, it is interesting to compare the number of malaria-related cases due to incomplete water and sanitation coverage (Table 4 ) and associated mortality (Table 5) Hence, there may be discrepancies in the exposure data and the relative risks applied. Although these estimates are likely to be conservative, they not only provide a first glimpse into the prevailing situation, but also provide an opportunity to identify data gaps to improve future data collection efforts and related processes in order to strengthen estimates of the burden of disease at local level and in refugee camps. The implications of comparing malnutrition data from different data sources make the interpretability more difficult and so it may be worthwhile in the future to consider such an indicator to be collected as part of a health information system.
The WHO methodology is principally targeted at national populations though it is applicable at regional or local levels, as has been attempted in this study. There are limitations in the definitions of improved and unimproved water and sanitation services; these often consider only the hardware aspects and may not take into account water quality or temporal variations in service. Care must be taken to ensure that the broad categories of supply do not fail to encompass discrimination in populations and vulnerability groups who may officially have access to (1998) . It is hoped that, as data quality improves, future improved estimates will be undertaken.
CONCLUSIONS
The WHO methodology to estimate the environmental burden of disease associated with incomplete water and sanitation provision (Fewtrell et al. 2007 ) has proved to be a valuable tool to allow the first estimates of disease 
